Erreurs dans les phrases difficiles à prononcer ("tongue twisters") Subtle phonetic variation can index both prominence (e.g. nuclear vs unaccented syllables) and constituency (e.g. position in a prosodic hierarchy) within prosodic structures (Beckman, Edwards, & Fletcher, 1992; Keating, Cho, Fougeron & Hsu, 2003) . This is argued to support a "prosody first" account of word-form, phonological, and phonetic encoding (Keating & Shattuck-Hufnagel, 2002) , contrasting with the view of Levelt, Roelofs and Meyer (1999) in which phrase-level prosodic information (e.g. locations of phrase boundaries and pitch accents) is not available before phonological words are generated from segments. Prominence and domain-initial position at the word level of the prosodic hierarchy have also been associated with speech error rates in tongue-twister elicitation studies (Shattuck-Hufnagel, 1992) . The current study investigated whether tongue twister errors would reflect prominent or domaininitial positions at the phrasal levels of a prosodic hierarchy, a finding that would support the "prosody first" account.
Tongue twister words in sentences
Experiment 1 was a near-replication of Shattuck-Hufnagel's (1992) Experiment 1(a), with the addition of a systematic manipulation of prosodic structure. Ten meaningful sentences were constructed, each containing two syntactic clauses, with each clause containing two tongue twister words (words with highly confusable initial segments) obtained from the tongue twister quadruples (4-word sets) devised by Vitevitch (2002) . Tongue twister words were always located in the following syntactic positions: sentence-initial, medial in Clause 1, clause-initial in Clause 2, and sentence-finally, for example, Dash would just gaze at her, Gab could not doubt, (tongue twister words underlined). This was intended to elicit Tongue Twister Words 1 and 3 at prosodic phrase-initial position, and Tongue Twister Words 2 and 4 at non-phrase-initial position. Location of the sentence-level stress was varied across the four tongue twister words by varying the elicitation question (e.g. Who would just gaze at her? Dash would just gaze at her, Gab could not doubt). Participants were 38 undergraduate students who repeated each sentence six times in succession.
Word-initial errors involving substitution of the confusable segment for the target segment on tongue twister words (e.g. producing [gQS] not [dQS] in the example above) occurred less often when the word carried sentence-level stress than otherwise, suggesting that prominence relations over a phrase are available at the time of word-form encoding or phonological encoding during which tongue twister errors are presumed to arise (Vitevitch, 2002) . These errors were also observed more often in phrase-initial than non-initial positions, however domain-position was confounded with initial segment pattern. All tongue twister words occurred with an ABBA initial segment pattern (dash, gaze, gab, doubt), so that each new phrase required reversal of the order in which the confusable initial segments were produced. To determine whether the ABBA pattern yielded increased errors at phrase-initial positions, Experiment 2 elicited the tongue twister words in both ABBA and ABAB patterns.
Tongue twister word quadruples
In Experiment 2, forty undergraduate students produced twenty 4-word tongue twisters as quadruples (Vitevitch, 2002) in a repetition task in each of four rhythmic conditions: (i) first word stressed, (ii) fourth word stressed, (iii) first and third words stressed, (iv) second and fourth words stressed, in ABAB (dash, gaze, doubt, gab) as well as ABBA pattern (dash, gaze, gab, doubt). The 3-way interaction between prominence condition, word position (words 1-4), and initial segment pattern was significant, thus while domain position and prominence influenced error rate, their influence depended on whether or not each successive pair of tongue twister words contained the same init ial segment pattern as the previous pair. Error rates were highest on Word 3 when the word was unstressed and the initial segment pattern was ABBA. Error rates were notably lower on Word 3 when Words 1 and 3 were stressed and the initial segment order was ABAB.
Post-hoc analyses of only the ABAB quadruples suggested that Word 1 (quadruple -initial) was less vulnerable to error than words at other positions. A range of post-hoc analyses to investigate effects of stress, and the interaction between stress and domain position, did not yield consistent results, suggesting that stress effects in this experiment must be understood within the larger prosodic context. A key factor in understanding effects of stress locally (on error rates to a particular word or location within a quadruple) would thus seem to be the rhythmic structure of the quadruple as a whole, i.e., the number and location of stresses within the quadruple and the consequent prosodic phrasing. Tongue twister studies have previously not controlled these factors, but it is clearly important to do so.
Discussion
These two experiments represent an initial exploration of the potential for tongue twister experiments to inform the prosody-first versus segments-first debate. They support the prosody-first view, suggesting that prosodic structures larger than the phonological word are formulated prior to phonological encoding. Segmental error rates were influenced by position (initial versus non-initial) in tongue twister quadruples, and by sentence stress in sentences containing tongue twister words. These effects differed in direction to previously reported effects of word-initial position and lexical stress (Shattuck-Hufnagel, 1992) . They could perhaps be simulated by a phonological competition model of phonological encoding (e.g., Sevald & Dell, 1994) , with an additional mechanism whereby finalisation of phrase-boundary, sentence stress and pitch accent information in the prosodic structure (Keating & ShattuckHufnagel, 2002 ) boosts activation of words in prosodically strong positions. This would reduce the likelihood of misselection of the segments in such words, making them resistant to error. Cascading activation to phonetic features associated with these segments (Goldrick & Blumstein, in press) might also account for articulatory strengthening effects observed in prosodically strong positions (e.g., Beckman et al., 1992; Keating et al., 2003) . The present findings need be extended to tongue twister experiments that systematically manipulate location of tongue twister words in relation to prosodic structure at all levels of the prosodic hierarchy.
